A phosphorylation site mutant of OmpR reveals different binding conformations at ompF and ompC.
In Escherichia coli, the two-component regulatory system that controls the expression of outer membrane porins in response to environmental osmolarity consists of the sensor kinase EnvZ and the response regulator OmpR. Phosphorylated OmpR activates expression of the OmpF porin at low osmolarity, and at high osmolarity represses ompF transcription and activates expression of OmpC. We have characterized a substitution in the amino-terminal phosphorylation domain of OmpR, T83I, its phenotype is OmpF(-) OmpC(-). The mutant protein is not phosphorylated by small molecule phosphodonors such as acetyl phosphate and phosphoramidate, but it is phosphorylated by the cognate kinase EnvZ. Interestingly, the active site T83I substitution alters the DNA binding properties of the carboxyl-terminal effector domain. DNase I protection assays indicate that DNA binding by the mutant protein is similar to wild-type OmpR at the ompF promoter, but at ompC, the pattern of protection is different from OmpR. Our results indicate that all three of the OmpR binding sites at the ompC promoter must be filled in order to activate gene expression. Furthermore, it appears that OmpR-phosphate must adopt different conformations when bound at ompF and ompC. A model is presented to account for the reciprocal regulation of OmpF and OmpC porin expression.